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Why Rwanda?
• ‘Development state’
• 70% agrarian
• Small average landholding 
(1.2 - 1.8 acres)
• Remarkable economic 
growth
(Ansoms, 2018)
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independent.co.uk
6Cash Crops
• Bananas/plantains
• Tea 
• Coffee
Staple Crops
• Maize
• Cassava
• Sorghum
• Climbing/bush bean
• Sweet potato
• Irish potato
Dairy in Rwanda
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• 15% GDP
• Annual production: 445 
million liters
• Longstanding cultural 
significance
• Pathway out of poverty
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Adapted from 
Tanzania Dairy Industry Overview, 2012
Adapted from 
Maleko, 2018
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Adapted from 
Herrero et al, 2013
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Kanter et al, 2016
Climate-Smart Forages
Provide a dry-season source of 
high-quality feed
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Uncultivated 
Forage
Crop residues
Adapted from Maleko, 2018
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Ecosystem Services
Livelihood Benefits
Rao et al, 2015
• Increased milk production
• Improved family nutrition
• Poverty alleviation
• GHG mitigation
• Erosion control
• Improved soil quality
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• Native perennial 
grass
• Low-quality feed
• Sometimes cultivated
• NOT a climate-smart 
forage 
Napier grass
CIAT, 2016
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• Perennial grass
• Over 100 species
• Stress-tolerant
• Extensively cultivated 
across Latin America, 
Asia, South Pacific, 
Australia
Brachiaria cv. 
Mulato II
Desmodium distortum
• Native perennial legume
• Stress-tolerant
• Promising feed supplement
• Little to no research 
(Mutimura, 2018)
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Legumes fix nitrogen
Nitrogen (NH3)
Plant root
Rhizobia
Photosynthates
Sub-Saharan 
African Soils: A 
challenging 
environment
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N Losses
N Gains
How do these new perennial forage 
crops impact soil nitrogen losses and 
soil fertility (gains)?
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N-SYNC: Soil Nitrogen Dynamics
• Denitrification
• Nitrification
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• Biological nitrogen 
fixation
N Losses N Gains
Microbes Drive 
Nitrogen Dynamics
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Adapted from Levy-Booth et al, 2014
Nitrification
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Microbes drive nitrogen losses
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Assemien et al, 2019
Maize Crop 
Rotations
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Biorender.com
Biorender.com
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Brachiaria grass
Biological Nitrification Inhibition
Biorender.com
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Brachiaria grass
Biological Nitrification Inhibition
Brachiaria grass inhibits nitrification
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Karwat et al, 2017
… but some legumes increase N2O emissions 
31
Niklauset al, 2017
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Under field conditions, can ‘climate-
smart’ forages deliver on their promise to 
tighten nitrogen cycling and improve soil 
fertility?
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Research Questions
1. Which native rhizobia are capable of nodulating Desmodium 
spp.?
2. Does planting Desmodium increase the abundance of N-
fixing rhizobia relative to forage grasses and cereal 
monocultures?
3. Do forage species have the potential to mitigate soil nitrogen 
losses by suppressing microbial pathways?
4. Under which cropping system is this potential optimized?
5. To what degree does intercropping with Desmodium improve 
food crop yields and nutrition?
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Adapted from Levy-Booth et al, 2014
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Adapted from Gu et al, 2007
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Site Locations
37
9 on-farm trials:
3 per region
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Elevation 
(m)
GWC 
(%)
pHH2O C.E.C. *EC %Sand %Silt %Clay Soil Order
Nyagatare
1404 7.68 5.74 4.09 0.04 67.4 11.2 21.4 Ultisol/ 
Vertisol
Nyanza
1666 8.48 5.93 10.8 0.03 76.7 12.5 10.9 Entisol/ 
Inceptisol
Burera
2109 23.7 5.74 11.6 0.03 35.3 27.9 36.8 Inceptisol/ 
Oxisol
Criteria for on-farm trials
• Original project 
participating farmers
• Well-maintained plots with 
similar growth stage for all 
plants
• Clear plot boundaries
• Close or adjacent to a cereal 
monoculture
• Forages were never 
transplanted or disturbed
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D. distortum Brachiaria cv Mulato II Napier grass Cereal monocrop
(Pennisetum purpureum) (Maize/sorghum)
On-Farm Trial Treatments
‘Farmer practice’
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Methods: 
Field 
Collection
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Hypotheses
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• Compatible native rhizobia will most likely be from the 
Bradyrhizobia genus
• Increase in rhizobia abundance in Desmodium plots
Methods
44
Confirmation
Isolation
109 
strains
Methods
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Qiagen.com
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fixing rhizobia relative to forage grasses and cereal 
monocultures?
3. Do forage species have the potential to mitigate soil nitrogen 
losses by suppressing microbial pathways?
4. Under which cropping system is this potential optimized?
5. To what degree does intercropping with Desmodium improve 
food crop yields and nutrition?
46
Biological 
nitrogen 
fixation
Nitrification
&
Denitrification
Food System
47
• Randomized 
Complete Block 
Design
• 4 reps
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Napier grass Maize monocrop
On-Farm  Trials
‘Farmer practice’
Brachiaria cv. Mulato IID.  distortum
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Napier grass Maize monocrop
Replicated Trials
‘Farmer practice’
Brachiaria cv. Mulato IID.  distortum
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Napier grass Maize monocrop
Replicated  Trials
‘Farmer practice’
Brachiaria cv. Mulato IID.  distortum
D.  distortum + Brachiaria cv. Mulato II D.  distortum + Napier grass D.  distortum + Maize
Forage Legume Intercropping Treatments
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Microbial Nitrogen 
Transformations
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Adapted from Levy-Booth et al, 2014
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Hypotheses
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• Desmodium will increase denitrifier gene abundance (nirS/nirK and 
nor)
• Greater denitrifier gene abundance will correlate with greater 
denitrification
• Brachiaria will suppress nitrifier abundance (amoA)
• Greater nitrifier gene abundance will correlate with greater 
nitrification
Hypotheses
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• Desmodium will increase denitrifier gene abundance (nirS/nirK and 
nor)
• Greater denitrifier gene abundance will correlate with greater 
denitrification
• Brachiaria will suppress nitrifier abundance (amoA)
• Greater nitrifier gene abundance will correlate with greater 
nitrification
Methods: 
Soil Sampling
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Soil Permits:
• Rwanda
• Kenya
• USDA-APHIS
Methods
Fresh soil
Denitrification 
Potential Assay
• Gross N2O 
production
Nitrification 
Potential Assay
• Gross NO3-
production
Soil N Fractions
• NO3
-
• NH4
+
• Potentially 
mineralizeable 
nitrogen
Gene copy abundance
• 16S
• amoA
• nirS/ nirK
• norB
• nosZ
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Trials
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Research Questions
1. Which native rhizobia are capable of nodulating Desmodium 
spp.?
2. Does planting Desmodium increase the abundance of N-
fixing rhizobia relative to forage grasses and cereal 
monocultures?
3. Do forage species have the potential to mitigate soil 
nitrogen losses by suppressing microbial pathways?
4. Under which cropping system is this potential optimized?
5. To what degree does intercropping with climate-smart 
forages improve forage and food crop yields?
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Hypothesis: Integrating forages will 
improve yields
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Brachiaria
Hypothesis: Integrating forages will 
improve yields
64
Adapted from Karwat et al, 2017
Previous maize 
monoculture, 15 years
Previous Brachiaria
pasture, 15 years Brachiaria
a b
Methods
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0.5 m2
Separate legume and 
non-legume material
Collect mass
Biomass yield for 
forage and food-
crop
Oven-dry at 60C
15N Natural 
Abundance
Legume nitrogen 
contribution
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Future Outcomes
• Compare trial data and on-
farm data
• Consider other factors 
(temperature and precipitation 
data, active carbon, 
anion/cation exchange 
capacity)
• Provide locally-specific forage 
recommendations
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Challenges to Forage Adoption
• Land tenure/redistribution
• Labor constraints
• Crop specialization
• Knowledge, training, and 
extension
• Markets for seed
68
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Farmer Identified Forage Benefits 
(n=26)
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